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1. Introduction 


The geometric structure of quantum gravity has been established to be disconti- 


nuous and other theories of quantum gravity like loop quantum gravity consider 
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the quantum geometry to be in the form of loops [1] while string theory consid- 
ers quantum geometry to be in the form of strings [2]. We shall observe that the 
results of the analysis of this paper based on the work of thermodynamic con- 
strains of a modified white hole [3] [4] encompass the form of quantum geome- 
tries as predicted by these two promising theories fundamental of physics. Pre- 
cisely, it is shown that a full picture of complete quantum vacuum geometry is a 
combination of the two quantum geometries. A full connection of between the 
two quantum geometries is found through a number theoretic properties of the 
constraints of the thermodynamics of the modified white hole. The quantum 
vacuum geometry picture we found, indicates a clear depiction of the gauge bo- 
sons and the scalar bosons supergravity lattice and how they are related and ar- 
ranged in relation to the graviton which through the analysis suggests that it 
may not be a gauge boson, but an independent quantum geometric force carrier 
as discussed by [5]. This then shows that in the final analysis, the quantum va- 
cuum geometry that we derived, is fundamentally as it sheds some light of mat- 
ter creations facilitated by the Higgs scalar boson from supersymmetric vacuum 
quantum geometry, through to symmetric breaking at the moment of big bang, 
and into the well know mechanism of matter formation moment after the 
big-bang 

Our paper is structured as follows: Sections A and B, we analyse and list the 
number theoretic properties and the Ramanujan recurring number properties of 
the fundamental thermodynamic quantities of the modified white hole in the 
presence of a cosmological constant at extremely low entropy. Then in Section C, 
we apply these properties to quantum gravity and in the process we get a picture 
of the nature of the quantum geometry of the modified white whole in terms of 
octahedrons and a sphere, and we show that this quantum geometry has the 
properties of quantum strings and brane/Instanton. In Section D, we illustrate 
theoretic number connections to Planck multiple spectrum frequency and to the 
hypothetical Gluino mass. 

SECTION A: Analysis the equations of the modified white hole enthalpy 
coupled to quantum Bose-Einstein condensate at extremely low entropy 


The equations to be analysed in this section are from paper by [4] 


2. Analysis of the Enthalpy of the Modified White Hole 


The enthalpy of the modified white hole is given by 


1/2 1/2 
H(S)= E E LE) -aba = | (1) 
-540(5) í ? 


m 


We analyze the number theoretic properties and the Ramanujan recurring 
number properties of the enthalpy Equation (1) as follows; 
1) Exact result 


The exact results of enthalpy Equation (1) is 
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of" Cont —2za (5 + ] 


2 

b4s 8 = 
Jr ar 
Which has the alternate forms; 
pra t + zalog(S) - zalog(z) 4 

> 3 

EA (3) 
27| za Jxb Eg (5) -1 
S T (4) 
Js(Vzb- Js) 
E 2za [35-1 " 
nbs -5S 


The alternative forms Equations (3), (4), and (5) has the following expanded 


1 VS 
32. | 4zalog| ~= 
2z ab t | 3 2 


bds S b4s s byS s 
Vx m Jm m Vr ~ 


Assuming a, b, and Sare positive, the alternative forms are 


22 ("ab 4 zadS log(S) — av log(z) — Vs) 
Vrbs - s? ? 


às," a) zaVSlog{ 7+ 5) 
O abs- 


from which we obtain the expanded logarithmic form as 


form 


(6) 


(7) 


: (8) 


S725 , abr? | S*2an* loge S”? (-2)ax log(S) 


bdr- JS (bdr-4s)s 4-48 VS 


(9) 


and assuming that S>0, JS] Az »0, and s/x-(bVS)/Vx #0, then we 
get the alternate form 


tse 45 = zarie >| 


(br -VS)s ? 


(10) 


and the its derivative 
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fe E a 


ôa E S 
1 m 
2a? CE) 
S T 


VabVs -5S 


2) Indefinite integral 
Equation (11) has the following indefinite integral 


|: - abe [T - 53) 
da 


J bds S 


= + Constant 


VabVs -S 


from which we obtain the alternate forms 


nal Cop: + za(log(z) - log(S)) ^ 2) 


JrbV/s -S ? 
zu [t + (3) - J 
Js (Vztb - 4S) 


27ra’ log ys 2| ab^ S — a^S?? log vs a lt 
a Jn S 


p? * p^ (Vb u VS) b 
2g 7g? oe 38. ee : a - aS EI 
b4s JS p^ 
24 za G - aS [5] 
+ US 


Assuming a, b, and Sare positive, then the alternate forms are 
za(-a "ab - zadS log(S) -+ zaxS log(7) + 248) 
Vrbs - s?? i 


(11) 


(12) 


(14) 


(15) 


(16) 


(17) 
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nab 2za 

WS(VxbWS-s) — WxS-4S “Vass 

ra| z (-a)b+ xad Steg Z |+ A 
Vrbs - s?? 


The expanded logarithmic form of the alternate forms Equation (17), (18), 


(19) 


and (19) are then given by 


2 5/2 1 
2a abn” fie z^ log (x ) a z’ log(S) 
bVzVJS -S TE S NES — S SUE SS S 


and assuming that S>0, Vs/Va >0, and JzbVs —S #0, then we get the 


alternate form 
az -2 + abe f} + 2arlog vs 
S Vn 
bz dS - S 


(20) 


(21) 


and then its derivative 


27 aL [i +a%el0g vs 
D 2 S Va 


ôa We 


[en + zalos XE) zi 


Jnab4s -S 


(22) 


3) Indefinite integral 
We obtain the indefinite integral of the Equation (22) as 


2z| -a+— Lebe? |Ë +a%elog vs 
2 S Vr : 
a 


J bVzVJ5 -S 


(23) 
ma [evant + 27a oe 25 B | 


=—-— + Constant 


3(VzbV's - s) 


which has the alternative forms 


ma’ [^ Capt + za(log(z) - log(S))-- J 


3/zb4s -3S ' 


(po 


MS(Vub-4S) — 


(24) 


(25) 
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3 [132 3 [1 
a fis a Jaa? za YS 
3b! 3/2 
ZH (Vzb-VS) 3b" 


3b? 3b 3bVS 345 (26) 
a [us TR - a) Vra [us a2 ]- d 
3b* aps 


3a'b^4$ -20° S” os 22 
3b^ (Vb - Js ) 


Equations (24), (25), and (26) has the expanded form 


1 9778 NS 
5/2 3 | 2z'a log} —= 
mab ; | 3 2 


+ (27) 
3(Vab/s-s) s(Vmb4/s-s) vrbs -s 
and assuming a, b, and Sare positive, then we obtain the alternate form 
ma’ ("ab - zaxS log(S) + av'S log(z) + as) 
(28) 


3 /zbs — 387” 


which has the expanded logarithmic form 


PENES 
3a^z n M a^z^log(z) 7 a^z^log(S) (29) 
3b/z4S -3S 3b/z4S -3S 3bVzVS-3S 3b|zdS -35 ` 
and assuming that S>0, JS] s > 0, and Vzb4S —S 20, then we get the 


alternate form 
a^z -34 abe [t + 2am log vs 
s " 
3(b/z s - s) 


(30) 


which has the derivative 


E + dies £ + zamoa E) 


ð 
a| 3(bvxJ/s - s) 


(sra t t27za oe °° = | 


VabVs -S 


(31) 


4) Indefinite integral 


DOI: 10.4236/jmp.2024.151001 6 Journal of Modern Physics 


M. Nardelli et al. 


The indefinite integral of the Equation (31) is 


«(a + aoa [t + zamoa E) 


J 3(bvzVs - s) 


ma [erent cases 38 - J 


= + Constant 


4(3vzbVS = 28) 


da 


(32) 


5) Volume analysis 

Because of supersymmetry of space at extremely low entropy, then it is there- 
fore possible to consider the vortices of the quantum vacuum schematized as 
cubes or octahedrons loops. We also assume that the quantum Van der Waals 
fluid [4] [6] are characterized by smooth spheres. In reality, the quantum va- 
cuum will have n-dimensional hyperspheres in which the compactified dimen- 
sions “roll up" and octahedrons representing the "fluctuations", containing vi- 


brating quantum Van der Waals fluid particles. 
Therefore, for V = Eza’ (octahedron volume) and V = Sar’ (sphere 
volume), where r= > , we get the following; 


a) Octahedron volume 


From indefinite integral Equation (32) we obtain the following exact result 


ma (sen ft + 27a oe 22 - J 


33 
DNEENEN BET id 
which has the alternative forms 
set [e Ca) notion) ins) «4 
E 34 
18(JaxbJ5 - as] m 
eer sm E veS )- J 
; (35) 
18V245(Jzb- J8) 
7 1 3/2 Lo 7 1l 
a fis a E za [iss 
4 EZ 2 
18V2b ea (5) (Vzb-4S) e |? 18J2b 
S S (36) 


Js Js 
ma’ log| ~= 32,7 |l gg log X= 2,7 |l 
s ees Wa) " * Ns 


9 2p? 182b 9J2b4 S 1842 4s 
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a^ [s oe 22 - z | = [s oe 33. = a | 
9 2p* 9p? Js 

a s? we - 2a°b? JS 

942b' (/zb- S) 

The expanded form of Equations (34), (35), and (36) is 
id 
527, |1 2a” log| = 

lbs wt idi a “2 E J2:ra* 

e 2 (3 zb./s 38) 3 2 (3VzbVS -3s) 3(3VzbVs -3s) 


and assuming a, b, and Sare positive, we obtain the alternate forms of Equation 
(37) as 


(37) 


za? (zab * zaxS log(S) - aS log(z) — JS) 
18/2 (bs - s?" ) 


e [Pg zalog(S)- ralog()~4) 
18(V2zbVS - V2s) 


which has the expanded logarithmic form given by 
1 6 1 [ee 5/2 
— 42 —(-1),/—a’b 
36 Noa‘ S Wet? 
b¥xJS-S — bVxJS-S l (39) 
ac 2a 7^ log(2) ZO 1) /2a’ x? log(S) 
+ + 
byxVs -S byxs -S 


The alternate form of Equation (39) is 


esa + abe’? fÈ + zamoa E) 


(38) 


40 
1842 (bd 4S -) m 
and its derivative is given by 
3z| -4 be fiaa l E v2 
3 [e + abz Chia: S ( 2d) 
ôa 3(4(3bVz-VS -3s)) 
(41) 


seta E + 7zaiog($)- 2 
T 


18(/2zbVS - 28) 
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The indefinite integral of Equation (41) is then given by 


a*z| —4+ abr”? rest] 
Í | js Yr da 
6J2 (3b S 35) 


za [rab | +7na gf $) - 2) 
S c 


= + constant 


3364/2 (3 zb s 5 3s) 


(42) 


b) Sphere volume 


From indefinite integral Equation (32) we obtain the exact result 


ma? rab |} analog vs -4 
S T 


24(3VzbVS = 3s) 


(43) 


which has the alternate forms 


ea p (ajo i+ za(log(z) -log(S)) 4 a) 
72(/xbVS - s) 


Pe [on Vref Z-E 


7245 (rb - VS) i 


(44) 


(45) 


S S 
2.7 4 ma’ log vs S2, 7 1 
rla ma [s Ne ma S 


72b? 36b? 72b 
72b? {i 


E eJ os{astg( 38 e 
T S T 


36b/S 724S 36b° 


a's e$ - a ma? [s o|] - a| 


(46) 


Jr Jr 
36b" 36b* 
98 [s ea 2g6p? S? — q7 S° lo “E 
+ 
36b? s 36b5 (vrb -J5 ) 


and the expanded forms of Equations (44), (45), and (46) are given by 
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1 

7/12, 7, | + 

d eu ma’ log(S) na’ logx " z^a* 

72VnbVS -728 724 nb S -72S UTE b/S — 72S 18(/zbVS bys = s) 
(47) 

1 3,7 VS 

727 |} za log| —= 

ma aH (5 nul 


24(3VzbVS -35) 12(3VzbVS - 38) j 6(3VzbVS 3s) 


Now assuming that a, b, and S are positive, then we obtain the alternate 


forms 
wae (zab + zaxS log(S)- za S log()— JS) 
72( bs -s* 


(48) 


3/2 
ro + ralog(S)~aalog()~4| 


72(/zbV/s -S) 


with the expanded logarithmic form 


1,62 (abeo | 1d 73 1l, 73 
gj d m pl )a’ba $ 7547 log(z) i 1)a’x* log(S) 


bisdS-s8 WGS ES NaS 


The alternate form of Equation (49) is 


a^z? E + abe fE + zc E) 


72(bVz/S -5) l 


. (49) 


(50) 


with the derivative 


[ome AGI] 


ôa 3(4(3bVz-Vs -3s)) 


na [ena -7za le 5) + 2 
S T 
72(/xbv/s = s) 
and the indefinite integral 


a^z? EE 2az log vs 
S T r 


J 24(3bVz VS — 38) 


na a (raab E cranes 3]- 2] 
S m 


= + constant 


4032( abs -s) 


c) Number theoretic properties of the volume 


(51) 


a 


(52) 
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i) DN Constant 
Now dividing the two indefinite integral results for the octahedron and the 
sphere volumes; Equation (42) and Equation (52) respectively, we get 


es + ane’ f$ + zamoa E) 
J 62 (3b S -3s) i 


> fi S 
na’ (z'a — t 7za lo 5)- 2] 
S m 


= —— tt constant 


3364/2 (3b. s z 35) 


6,2 y» |1 Js 
j an [+ abe feme 
24(3b 4S -38) 


2.7 3 1 S 
z'a’ | 7z?ab,|— + 7zalog| — |-32 
S mT 
4032(VzbS -s) 


which simplifies to the exact result 


6/2 (vzb/s = s) 
z (3 bs -3s) 


of which the expanded form is 


2 
[os 6/25 
3VzbVS -35S z(3VzbVS -38) 


with the alternative form 


(53) 


and 


a 


(54) 


+ constant 


(55) 


(56) 


N2 = 0.9003163161571--- (57) 
m 
which is a DN Constant. 
ii) The property of the function 
The function has an even parity 
iii) Indefinite integral 
62 (bz s - s) 2/9 


Í db = B + constant (58) 
T 


z (3b S -3s) 


iv) Global maximum 


mT 2/2 
(8362) (3/7 (bs )-3s))2* a 
4032 (bs - s) 
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v) Global minimum 


i ((236V2)(avz (b45) -3s a" z 
4032(VzbVS — S) 


vi) Limit 
00 eP2(biz4S-S) 42 
lim, a Tanda 5s “= x 0.900316 (61) 
l 6V2(bVzVS-S) 2/7 
lim, 5. BE) = ~ 0.900316 (62) 
vii) Series representations 
a 4 
= (63) 
z? (59-29. (0V5) -35)) Cy (-3] e-z) z 
2 2), 
4032(VzbVS — S) 745 Dio ki 
for(not(z;, € R and —o«z, x0)) 
1 
a^ ((336y2)(3Vz (bvS)-35)] 
4032(VzbVs -= S) 
(64) 
7 4 
e-f) 
rex iz ME 29 sz. - 2); 


for(xeR and x«0) 


(65) 


a? (33/2) (847 (bJ)-3s)) | . (-1)'(-3) (2-2) z 
4032(VbVS — S) 22 T 


where n! is the factorial function, (a)» is the Pochhammer symbol (rising fac- 


torial), R is the set of real numbers, arg(z) is the complex argument, | x | 
is the floor function, and 7 is the imaginary unit. 
viii) Definite integral over a disk of radius R 


EVIE s) ge 
Jana sis ~35) dbdS = 2J2R (66) 


Definite integral over a square of edge length 2L 
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nw M EEG dSdb = E T2 c 


3. Analysis of the Thermodynamic Volume of the Modified 
White Hole 


The thermodynamic volume of the modified white hole is given by 


y2 " y2 5 
-sab( Z) edet! [7 eaa at aZ) 2a inf 2s 
S S (xs)! S S) zx 
- p . (68) 
CE 
1 c 


The analysis gives the following number theoretic properties and the Rama- 


nujan recurring number properties of the thermodynamic volume: 
1) Alternate forms 


The thermodynamic volume Equation (68) has the following alternate forms 


> Vab 
2nb? [i n Si^ Ys 
a|  —— 5X zb, |— +2 | a| Vb 2 ri ) ; (69) 
S S S c mT 


Vb(log(S)-5-log(z)) 


za| 27rb? + : 28 (log(S) -1— log(z)) |- NS (Vb 245) 
S 
. (70 
= (70) 
Assuming a, b, and 5 are positive, then the alternative forms Equations (69), 
and (70) becomes 
(vrb - 24s (22 "ab  zaxS log(S)- za (1+log(z))- Vs) 
71 
= (71) 
and the derivative is 
2ab? |z 
a sab f. ) +2a 2 + an Z 2a tog =) +2 
ôa S S NEA S a) m 
(72) 
2 
ae sub | Jab ft -2 lg = + 2 
S S S m 
The indefinite integral is then given by 
2ab! |z 
Í sab E+! ) +2a 2 t an [= 2a tog =] +2 da 
S S VaS S a) m 
rab 5 -, fi Y 1 S 
b,|— + b,|— -2 log| — 73 
S je cae i va S oa( =) 
b 
> VS 
+a + + constant 
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Dividing the alternate form Equation (69) by 
2H = S (74) 
x m 
j Vb 
, NEE 
af 22 syan [Ta ea | vzo fE -2 EEG 
S S S T 1 
b fe E- 
T m 


F . 1 
From the exact result Equation (75), and with V==N2a° (octahedron 


we obtain the exact result 


(75) 


2) Volume analysis 


4 
volume) and va m (sphere volume), where ras we obtain respec- 


tively; 
a) Octahedron volume: 
The exact result 


EL 
420? [2 -svab e ea) Jao] 2je(3)* Vs 
S S S T T 
76 
af BNS s B 
Jm m 
b) Sphere volume: 
The exact result 
EL 
za (2 -svao e ea) Jao] 23). REI 
S S S c c 
77 
dis s uu 
Jr r 


3) Number theoretic properties of the volume 
By dividing the two exact results Equations (76), and (77), and simplifying by 


2.1 
making the input xz We get the results 


6 

242 

22 (78) 
T 
With the decimal approximation 
2/2 
0.9003163161571060695551991910067405826645741499552206255714374712-.. = —— 
1 
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which is a DN Constant, and also it has property that it is a transcendental 


number. The transcendental numbers have important properties in physics and 
in particular in astrophysics, particle physics, cosmology because they allow us 
to reformulate and resolve unresolved problems, and in our case, the geometry 
of quantum gravity of the very early universe [7]. 


The series representation of Equation (78) is 


a NOE. (21) wh n) x" 


E " (79) 
6 
for(not(z, eR and —o«z, x0)) 
1 
cx exe) 
. Larg(2- x) 5 2 
B zonf ia| 8-9 | yr ü k 
- (80) 
3z 1 
6 
for(xeR and x«0) 
k 1 k 
/2| arg(2-zo)/(27 1 (-5] 2-Z,) Z 
ejl e va al X )] 1/2(1+| arg(2-z0)/(27) |) oo ( ) 2 E o) o 
Zo 2 
V2 Ži k! 
= (81) 
3a T 
6 


4. Analysis of the Enthalpy Energy Density of the Modified 


White Hole 
The enthalpy energy density of the modified white hole is given by 
H(S) 
= 82 
Pen =; (82) 


and dividing the exact result Equation (2) by the alternative form Equation (69), 


we obtain 


(83) 


Then the analysis gives the following number theoretic properties and the 
Ramanujan recurring number properties of the enthalpy energy density. The 


exact result is 
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e Cont —2za (5| d 


, 84 
Tab (84) 
27b? 1 1 S EN 

(28 seen eam a ) 
S S S m a 
and for S =12.566---= 4z , we obtain 
2( -222 - 2nalog(2)+1} 
: (85) 
2 pu 
(5-92 tentapa( 2-2 2 
2. 2 2 m 
which has the alternate forms 
2z| 2a(b+log(16))-2 
(za(b +1og(16)) ) um 
2na{ 5(b~4)(b-1)) +mI0g(16)a{ 7-2)- ba 
2z| za(b--log(16))-2 
(za(b +1og(16)) ) is 
ana [ (b? -56--4)) + ton(6)( 7 -2)-b«a 
27 (zab + Azalog(2) - 2) P 


b? 


27a SAU +2zlog(4)a(2-2)-b+4 
2 2 2 


The alternate forms Equations (86), (87), and (88) have the expanded forms 


Aza log (2) zab 
2 2 
ae aa + 21og(2)a( 2 2) B uS. Gl eee ae + Dlog(2)q{3-2)-2-+2 
2 2 2 2m m 2 2 2 2m m 
2 4zalog(2 
t b^ 5b b b 2 b^ 5b ET b id 
—-—+2 + 21og(2)a( 2) + a +2 + 21og(2)a(2-2)- = 
2 2 2 2m m 2 4 2 2m m 
mab A 2 
2 2 
a b 5b y + 2log(2)q{? 2) b 42. 4 b 3b io + 2log(2)q{2-2)- 22 
2 2 2m m 2 2 2 2m m 
with the expanded logarithmic form 
Am 
4-b+ 2ra( 2(4~5b-+b*) + 4ra{ (a+b) esta) 
2 
- 2abz : (90) 
a bean ( 2(4-56--6*)) + 4ra{ (4b) n2) 
8abr” log(2) 


4-b« na S (4- 5b +b? ) + Aral C45 b)jog( 2) 
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which has the alternate form 
2n(2 -abr — 4azlog(2)) 
4—b+ araf 3(-4 +b){-1+ 5) t2za Gs + 5) Jiog(4) 
The root for the variable b is 
_ 2—zalog(16) 


b2——————-. 
za 


1) Indefinite integral 
The indefinite integral for the alternative form Equation (91) is 


2(1- 7 —2aztog(2)) 


b 
2-— 2 
2 5b b b 
ZE T Jee 2+2 Jiog(4) 
1 
2a{ Zza? (b+10g(16))-2a ) 


no ( (b -5b+4)]+zog(16)a[ 2-2)-b+4 


da 


+ constant 


from which we obtain the alternate forms 
z (-1)a(zab + 4zalog(2) - 4) 
rab? —5zab + 2rablog(2)+ 4ra - 8zalog(2)-b 4 ' 
za(za(b +log(16))—4) 
(b— 4)(za(b -110g(4)) 1) 
27a ( za(b *log(16)) - 4) 
(b- 4)(za(2b - 2 -10g(16))- 2) 


The expanded form of Equations (93), (94) and (95) is 
ma’ log(16) 


za(b? -5b+4)+ ra| 2-2 )log(16)-b+4 


zab 


a(b? -5b+4)+ ra| 2 -2 Jiog(16)-b+4 


4ra 
+ 


a(b? -5b+4)+ ra| 2-2 )iog(16)-b+4 


Assuming a, b, and Sare positive, then we have the alternative form 
4ra 


ra(b’ -5b+4)+4ra( 2-2} log(2)—b-+4 


n’a’ (b+ 4log(2)) 


ra(b’ -5b+4)+4ra( 2-2) log(2)—b-+4 


(91) 


(92) 


(93) 


(94) 


(95) 


(96) 


(97) 


(98) 
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From which the expanded logarithmic form is 


4az 
4— b - 4a: — 5abz: + ab^z —8az log(2) + 2abz log (2) 


abr’ 


4-b+4ar —Sabz +ab°r —8az log (2) + 2abzrlog(2) 


(99) 


4a^z^ log log (2) 
4—b+ 4ax -5abz  ab^z —8az log (2) + 2abz log (2) 


The alternate form of the Equation (99) is 


2az (4 + abr + azlog (16)) 
8— 2b + 8am — 10abz + 2ab^7 — 4az log(16) + abzrlog(16) ° 


(100) 


with the roots are 


a=0, b-420, 


asite a (4) 
ma 


8z^a^ +167°a" log(2) + 247°a" log(2)-32za - 40zalog(2) + 24 «0 


4— zalog(16) 


za 


b- (101) 


2) Series expansion 


The Taylor series expansion about a=0 is 
4ra a’ (3b - 4 log(16)) 
b-4 b-4 
a’ (7? (6b? + b(5log(16) 14) +8+1og(16)? -61og(16))] 
2(b — 4) 
a* (s^ (26 -2-«1og(16) )) (3 — 4 -1og(16 )) 


( 
4(b—4) 
( 
) 


(102) 


a? (7° (2b-2+log(16)) 
8(b-4 


3b- 4 + log(16 )) 


*o(a* 


and the Laurent series expansion about a=0 is 
2a(z(b--Yog(16))) N 4(3b-4+log(16)) 
(b-4)(2b-2+log(16)) (b-4)(2b-2+log(16)} 
8(3b — 4 +log(16)) . 16(3b — 4+ log(16)) 
za(b-4)(2b-2«log(16)) z'^a'(b-4)(2b-2-1og(16)) 


(103) 


The derivative of the alternative form, Equation (100) is 
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[o 
Oa 


2n{ -2a + gv n(b +log a) 


Abe a(ol4-so+b'))+a(o[-2+ 9] forts) ] qus 


27 (^a^ (2b? + b(Yog(16) - 2)log(16)) - 4ra(b + log(16)) -8) 


(b 4)(za(2b - 2-log(16))-- 2) 
With the indefinite integral given by 


2a( -2a + Jozn(b +log a) 
da 


a-bsa(4- 8b) +a( 2-5 | rlog(16) 


(b-4)(2b—2+log(16))’ 
Aa(3b — 4 +log(16))(2b—2 + log(16)) 
8(3b — 4+ log(16))log(2 — za(2b — 2+ log(16))) 


2 
T 


G (b+log(16))(2b-2+ log(16))" and 


| + constant 


Taking the limit of alternative form, Equation (100) as b — +% , we get 


2z[-2a + saab + los(16))) 


lim, a» -0, (106) 


4-b+a(4-5b+b)æ+a[ -2+2 Jrlon(16 


and for V cua (octahedron volume) and V-iar (sphere volume), 


a 
where r= 7 , we obtain the following respectively; 


a) Octahedron volume 


For the octahedron volume we have 


2427? ES (b--log(16)) - 2a) 
(ra —5b+4)+ za(2- 2 Jiog(16) -b+ J 


, (107) 


and plotting this result, we obtain the following 3D and the contour plots that 
can be related to a D-brane/Instanton. 

The key observation from Figure 1 and Figure 2 and as confirmed by [4], is 
that at a —1, which is taken as the energy density of the universe at the Big 
bang, with b=0 the zero spacetime volume, the vacuum geometry brakes/or 
there is symmetry breaking on the vacuum quantum geometry. We see from 
the plots as the vacuum spacetime break/tear apart. Continuing further, we 
obtained the following properties of the Equation (107), that the alternate 


forms are 
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-1.0 -0.5 00 0.5 
a 


Figure 2. Contour plot. 
V2n(-1)a* (zab + 4zalog(2) 4) 
3(zab* —5zab + 2zablog(2) + 4a - 8zalog(2) - b +4) 
J2za^ (za (b--log(16))- 4) 
3(b- 4)(za(b-1«1og(4))-1) 


242za* (za (b+ log(16)) - 4) 
| 3(b- 4J(za(2b -2 +10g(16))—2) ` 


The expanded forms of Equations (108), (109), and (110) are 
V2z^a^log(16) 
(nat —5b+ 4) + ZE - 2 Jiog(16) -b+ J 
J2z^ b 
X na —5b+ 4) + ZE - 2 Jiog(16) -b+ J 
AJ2za* 
x x0 (b? -5b + 4) +a (? - 2 Jiog(16) -b+ J 


—A[ 22^ a?b - 242z?a? log(16) 8/2za* 


+ 


+ 
6zab? — 30zab  3rablog(16) + 24za -12zalog(16) — 6b + 24 


(111) 
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and assuming a, b, and Sare positive, then we have the alternative form 


4v 2za* 
i 2a -5b-+4) + 4a{ 2-2 og(2)~b +4) 
(112) 
J2n7a° (b+ 4log(2)) 
azale -5b-+4)+4ra{ 2-2 )iog(2)-b+4) 
from which the expanded logarithmic form is 
AJ2a^z 
12 —3b +12az —15abz + 3ab^z — 24azlog(2) + 6abz log(2) 
J2óbz? (113) 
12 —3b +12az —15abz + 3ab^z — 24azlog(2) + 6abz log(2) 
" 4,/2a°z* loglog(2) 
12 — 3b -12az —15abz + 3ab?z — 24azlog(2) + 6abz log (2) 
with the alternate form 
242a*z (-4- abr + az log (16 
( (16) aa 


3(8 - 2b + Bax -10abz + 2ab?z — 4az log (16) + abrlog(16)) 


The roots of the alternate form Equation (114) are 


a=0, b-420, 
4— 4zalog(2 
sanie 
ma 


87°" +167°a’ log(2) + 2477a* log(2) - 32za - 40zalog(2) 4 24 0, 


_ 4- zalog(16) 


za 


b (115) 


Furthermore, the Taylor series expansion about a=0 is 


(aset (foe (e-a tos6)) 
3(b-4) x74) 


a° [s^ (6b? « b(5log(16) 14) +8 +log(16)° -61og(16))] 
3(V2(b- 4)) 
a” (z* (2b — 2 -log(16)) (3b — 4--log(16))) 
e(v2 (b-4)) 
a^ (2° (2 -2 +1og(16)) (3b —4-«1og(16))) 


12( V2 (b - 4)) Hole) 


(116) 


and about a= is 
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2a* (V2n( (b +log(16) ))) nad 3b — 4+ log(16)) 


3((b- 4)(2b -2 + log( 16)) 3 Non 2 +log(16)) 
82a’ (3b — 4 + log ( 16)) . PN 4 +log(16)) T 
+ 
3x (b - 4)(2b - 2 log(1 egy a^ (b- 4)(2b - 2 «log(16)) 
3242 (3b — 4 log(16)) {ey 
+ 
32° (b—4)(2b—2+log(16))’ a 
The derivative of the alternate form Equation (113) is 
1 
7 (22(-2a+ }az(0+108(16)))](vV2e") 
ide da-b roa tbe) af 22 Jets) 
B (422? (200° (25^ + b(log (4096) — 2) + (log(16) - 2)log(16)) (118) 
+a(-17b+12-11log(16))+16)) /(3(b—4)(ra(2b-2+10g(16))-2) } 
and the indefinite integral is 
ae n -2a + saab + log(16)) 
da 
o[ 4b +0(4-sb+b") 2+ a{ -24-2}rtog(i)| 
*(3b-441 b-241 : 
ex -oe (o sosio) 22-2110810} Gai a) 
mT 
40a" (3b — 4--log(16))(2b—2--log(16)) 120a? (3b -4+ log(16))(2b - 2 +1og(16)) 
+ zi t E (119) 
480a(3b - 4--log(16))(2b-2--log(16)) 960(3b -4+ log (16))log(2 — za(2b — 2 + log(16))) 
+ z^ i m 
/(45(b- 4)(2b - 2 log(16)) )+ constant 
b) Sphere volume 
For the octahedron volume we have 
cao ES (b--log(16)) - 2a) 
2 
; (120) 


(nett -5b+4)+ zaf? = 2 Jiog(16) aba J 


And similarly plotting this result, we obtain the following 3D and the contour 
plots that can be related to a D-brane/Instanton. 

The observation in Figure 3, and Figure 4, is the same as in Figure 1, and 
Figure 2. Continuing further, we obtained the following properties of the Equa- 
tion (120), that the alternate forms are 
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-1.0 -0.5 


Figure 4. Contour plot. 


x°a* (zab + Axalog(2) - 4) 
3x 2(zab' — 5rab + 2zablog(2) - 47a -8ralog(2)-b +4) 


» (21) 


z^a* (za(b + log(16))— 4) 
6(b — 4) (zra(b 1 1og(4)) -1) 


(122) 


ma" (za(b + log(16)) - 4) 
3(b - 4)(zza(2b - 2 + log(16)) -2) 


(123) 


from which the expanded forms are 


ma’ log (16) 


6{ a -5b + 4) + za( 2- JE -b«4 


3 
m ab 


b 
6{a( -5b+4)+ ra| 7-2 )log(16)-b+4 ji 
2 4 


2z'a 
+ 


(sa (b? -5b + 4) + nal 2 - 2 Jiog(16) -b«4 


P -1°a°b — z?a^log(16) + 4z?a* 
6zab? — 30zab + 3xablog (16) + 24za -127zalog(16) — 6b + 24 
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Assuming a, b, and Sare positive, the alternative forms are 


2z^a* 
(nett -5b-+4) + 4ra{ 2-2 og(2)~b+4) 
(125) 
ma’ (b+ 4log(2)) 
6{ wa -5b-+4)+ 4ra{ 2-2 )log(2)-b+4) 
and thus the expanded form is 
2a‘ x? 
12 - 3b +12ax —15abz + 3abz — 24am log (2) + 6abz log(2) 
-babr 
" a (126) 
12 — 3b -12az —15abz + 3ab^z — 24az log(2) + 6abz log(2) 
" 2a°x* log log (2) 
12-3b+12az —15abz + 3ab’ — 24am log(2)+ 6abz log (2) 
from which the alternate form is 
^g (-4+ ab log(16 
atn’ (—4+ abr + azlog(16)) (127) 


3(8 — 2b + 8az — 10abz + 2ab^z — 4az log (16) + abr log(16)) 


with the roots 


a=0, b-420, 
4— Azal 2 
aap em AC 
za 


8z^a^ +167°a" log(2) + 24z?à'log(2)-32za - 40zlog(2) + 24 « 0, 


= 4- zalog(16) (128) 
za 


The Taylor series expansion about a=0, is 


252g a° (z^ (3b - 4 log(16))) 
3(b - 4) 6(b-4) 


a? (z (6b? +b(51og(16)-14)+8+1og(16)° — 6log(16))) 
12(b-4) 


(129) 
a’ (e^ (2b - 2. 1og(16))' (3b-4+10g(16))) 


24(b — 4) 


a? (s (2b —2--log(16)) (3b 4^ log(16))) 
48(b—4) 


+O(a’) 


and about a=, is 
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a* (z^ (b+ log(16))) , 2a (8b - 4+ log(16)) 
3((b-4)(2b-2+log(16))) 3(b-4)(2b-2 +log(16)) 
4a’ (3b — 4+ log(16)) " 8a (3b — 4 + log (16)) 


- ; (130) 
3(b-4)(2b-2-log(16)) 3z(b-4)(2b -2-1og(16)) 
16(3b — 4 log (16 à 
,___16(3b-4+ log(16)) -+9{(2) 
32^ (b- 4)(2b - 2 + log(16)) a 
The derivative of the alternate form Equation (127) 
1 aY 
: (asado tonio) Ja] 
Ca 2 b 
3x(4-b+a(4-5b+b Je +a(-2+ 2 ]z1og(16)) 
=—(277a° (27a? (2b? + b(Iog(4096) - 2) + (log (16) - 2)1og(16)) (131) 
+2a(-17b+12-11log(16))+16)) /(3(b—4)(ra(2b-2+10g(16))-2 } 
and the indefinite integral is 
a'n*(-2a+ <a'x(b+log(16))| 
2 " da 
d4- orante) af 22 Jets) 
15a‘ (3b — 4 -log(16) (2b — 2 + log(16) 
es sro mte)as-2 oo] a uii) *log(16)) 
T 
40a? (3b -4+ log(16))(2b—2+log(16)) 120a? (3b—4+log(16))(2b—2+log(16)) 
, 202 (3b-4+log( M *log(16)) 120a’ ( ue *log(16)) (5 
480a(3b — 4+ log(16))(2b — 2+ log(16)) ctos relet) 
+ i + z 
T T 


I (90(b-4)(2b- 2 +10g(16))*) 


c) The ratio of the Octahedron volume to the sphere volume and its number 
theoretic properties 
Taking the limit 


ar’ (-2a + 1az(b + log(16))| 
=0, (133) 


lim, 400 


o[ 4b +0(4-50+6?)2+0{-2+2}rtog(16) 


and thus, dividing Octahedron volume Equation (107) by the Sphere volume 
Equation (120), and simplifying by the factor 


-2/27 


2 
= 


(134) 
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we obtained 


93/2 
— (135) 
m 
with decimal approximation 
2/2 
0.900316316157106069555199191006740582664574149955222062557 14374712 = —— 
1 


(which is DN Constant, and it is also a transcendental number as well). It has the 


following series representations 


1 E 
Ja cy (5| ee 
7 2 2x». k 
Mur 3 — (136) 
for(not(z, eR and —o«z,x0)) 
1 
(-)' Q-3/x*|-- 
3| $ 2), 
tesi NDJ E 
= 2 on k! 
2 - £ z (137) 
for(xeR and x«0) 
k 1 k -k 
arg(2-zo )/(27 -1 =a 2— 
ee neea DE) Oral 
-2/27 2 = Zo bpm k! 
"x ° " - (138) 


5. Analysis of the Equation of State of the Modified White 
Hole 


The equation of state of the modified white hole is given by 


Tiv Biss duct. —— 
UR) | An ) 2zr? | 2ar? -r° e br 2 4r 


L) 1 V " alnr 2 
J (139) 


2 
aly ar 222: ab 
o1 2m 4r 8zr 16ar 


4r 


The analysis gives the following number theoretic properties and the Rama- 
nujan recurring number properties of the equations of state: 


The exact result is 


V -9b 1 jog (r) +1 Dp? E NND sey 
1 4r 2 Am 20 
1 ~ +P|V 
An br+2ar°—r 1-1 
4r ab a 
: + (140) 
2zr 16zr 8zr 


and considering S — 4z , we obtain Vto be 
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m m b T An 2 
—5ab, | — +(2ab? 2a - b,|— -2a |] (=) =, (141 
a Pe a ai a zl p= a) og —— |+— (141) 


which then simplifies to 


i ab b 2 
D S roga ( S20 e 20-72. (142) 
which when we plot it, get the 3D and the contour plots below that can be re- 
lated to a D-brane/Instanton, 

From Figure 5, and Figure 6, we note that the gravitational potential is al- 
most zero as the self vacuum perturbations have not started to take effects re- 
sulting in the flat quantum vacuum geometry. The alternate forms of Equation 


(142) are 
(b - 4)(za(b 1 1og(4)) -1) 


143 
F (143) 
(b — 4)(zab — za + zalog(4) -1) (144) 
27 
(b-4)(zab-za-1) 1 
4)log(4 14 
20 +5a(b )log( ) eS) 
which have the expanded logarithmic form 
2 
Lr 42a = 4alog(2) + ablog(2)+ Ž (146) 


Figure 5. 3D plot. 


-0.05 


Figure 6. Contour plot. 
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1) number theoretic properties of the equation of state 
a) Roots 
From which the alternate form 


4—b+ 4az —5Sabz + ab’ — 4alog(4) + abz log (4) 


147 
27 n 
and the roots are 
ose za — 2zalog(2) a 
ma 
b=4 (148) 
a—malog(4)+1 
pod Pale) (149) 
za 
The polynomial discriminant is 
9z^a* + ra’ log(4) 627a log(4) — 6za - 2zalog(4) +1 
A, x 2 > (150) 
4r 
and the integer root are 
a=0, b=4. (151) 


Thus the derivative of the alternative form Equation (147) is 


0 [z (2ab* ) x b [x 4n\ 2 

eso LOU ota em ac 7 (5). (isi 
1 

- (b - 4)(b-1-log(4)) 


b) Indefinite integral 
The indefinite integral is 


2 
[ 20-308, 7.2 (caa Z osa da 
2 2 m 2x 2 


| (6-4 (3a (b-1+108(4))-a ) 


2x 


(153) 


+ constant 


which when we plot it, get the 3D plot that can be related to a D-brane/Instanton, 
and we also plot its contour plot 
From Figure 7, and Figure 8, we also observe that the vacuum quantum 
geometry starts to be uneven, meaning the seeds for the gravitational potential 
are starting to take effects due to the self-perturbations starting to take effect. 
The alternate forms of indefinite integral Equation (153) is 


a(b — 4)( ab — za  2zalog(2) - 2) 


(154) 
272 
a(b-4)(za(b-1+log(4))-2) Mes 
4r 
lu a(b- 4)(zab — za - 2) 
ris (b — 4)log(4) + tn (156) 
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Figure 7. 3D plot. 


-0.4 -0.2 


Figure 8. Contour plot. 


and assuming a, b, and Sare positive, then we have the alternative form 
1, 2 a 
—a°b(b-1+ 2log(2))—a° (b—-1+ 2log(2))-——+—, 157 
4° ( og( ) ( og( ) 2m m Hen 


from which the expanded logarithmic form is 


5 T 1 
Z8 Lg? +2a?b— 2a? log (2) +—2— + —a2b? + S a?blog(2). 158 
m 4 ( ) m 4 2 ( ) ( ) 


From the expanded logarithmic form, Equation (158), the alternative form is 


a(-4+b)(-2-az + abr + azlog(4)) 


159 
An oo) 
With the root 
"RT za - 2zalog(2) a 
ma 
a=0, b=4, 
—malog(4)+2 
p- 7070 og(4) (160) 
ma 
The polynomial discriminant is 
b° -8b +16 
A, =— 161 
? 4r’ ie 
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and the derivative is 


( 20 a+ san 1+b+1og(4)) 
ôa 


27 


(-4+ b)(za(b -1«1og(4)) -1) 


27 
with the indefinite integral 


| a+b) a+Žaz( 1+b+10g(4))) 


da 
27 
(ba fa! (b-1+1og(4))-a°) 


(163) 
4r 


+ Constant. 
From the above indefinite integral, we have the following 3D and the contour 
plots that can be related to a D-brane/Instanton, 
From Figure 9, and Figure 10, we also observe that the vacuum quantum 
geometry starts to be more uneven that that in Figure 7 and Figure 8. That is, 


the gravitational potential of the quantum vacuum geometry is growing, as a re- 
sult of the growth of the vacuum self-perturbations. 


A 


Figure 9. 3D plot. 


-4 


-2 


Figure 10. Contour plot. 
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The alternate forms of the indefinite integral Equation (163) are 


a’ (b — 4)(zab — za + 2zalog(2) -3) 


164 
4z3 MSS) 
a! (b - A) za(b —1--log(4)) —3 
(b-4)(za( g(4))-3) des 
127 
1; a’ (b- 4)(zab -ra -3) 
—a (b-4)log(4 1 
54 (b-4)log(4)+ is (166) 
and assuming a, b, and Sare positive, then we have the alternative form 
1 1 ab a 
154 P(b 12198 (2)) - 7a* (b 1» 2108(2)) ^ —. (167) 


The expanded logarithmic form of Equation (167) is 


1» 

2 ——ab 
pigs a°b+ Sa log(2)+ 4 
m 3 12 3 cm 


1 
12 


a 


ab’ + =a'blog(2) (168) 


and the alternate form is 


a’ (-44 b)(-3— az + abz + azlog(4)) 


> 169 
127 ae 
with the root 
T p- 792 2nalog(2)+3 
ma 
az0, b=4, 
a—vzalog(4)+3 
poo (170) 


za 


The polynomial discriminant is A —0, and the derivative of the alternate 
form Equation (169) is 


n ( «oy a? «cen 14+b+1og(4)) 


ĉa 4r 
(171) 
a(-4+b)(za(b-1+log(4))-2) 
Am 
and the indefinite integral is 
( a+b) a? + laèz( 1+b+1og(4))) 
Í 3 da 
id (172) 
(b- 26 (b -1-log(4))- a’) 
Sn. O Constant. 
127 


The local minimum is 
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. ( soy a? «cen 1+b-+1og(4))| i 
= An — 122 (3+log(4)) 


at 


9) [rg "n (173) 


In conclusion, the indefinite integral result Equation (172), and for V = Eza’ 


(octahedron volume) and V = Sar’ (sphere volume), where r= - , we obtain: 


1) Octahedron volume 


For the octahedron we have 


a'(b— 26 (b -1+ log(4)) - a’) 
18/27 


which when we plot it, get the 3D and the contour plots that can be related to a 


(174) 


D-brane/Instanton 

From Figure 11, and Figure 12, we now observe that the vacuum gravitation- 
al potential has grown exponentially and infinitely high as a results of the expo- 
nentially grown and infinitely high growth vacuum self-perturbations near a= 1, 
ie. the energy density of the universe at the big bang. 

The alternate forms were found to be 


a? (b- 4)(zab -ma + 27zalog(2)- 4) 
4x1273 


6 1 log(4) J2 a'b : log(4) 5 i 
Í T 1842 Pue E 7242 zd ma) = 


a°(b—4)(za(b-1+log(4))-4) 


(175) 


(177) 
72422 
and the expanded form is 
1 zat 1 
a? (b— 4)| —za‘b * —za'log(2)- à? 
(b-4)| date 72 +1 2a! tog(2) 
18/22 
with the expanded logarithmic form 
Ph et 1l (-1)V2a° 2a’ "b [2 
36 , 36 " 2a a bd2 n 1 Sa ( 1)b 
T T 36  36x2x2 36 (179) 
7p? "blog(2)42 
P CN v2 aad bg pue og (2)v2 
36x2x2 18 36x2 


DOI: 10.4236/jmp.2024.151001 32 Journal of Modern Physics 


M. Nardelli et al. 


Figure 11. 3D plot. 


-2 -1 


Figure 12. Contour plot. 


The alternate form of Equation (179) is 
a^ (-44 b)(-4 — az + abz + az log(4)) 


(180) 
7242z 
With the root 
-— S za — 2zalog(2) a 
ma 
a=0, b=4, 
p- 7a-7alog(2)*4. (181) 
za 
The polynomial discriminant is A=0, and the derivative is 
( 4+ Zi a+ E 1+b +og(4)) [e 
0a (127)x3 
(182) 
a’ (-4+b)(7za(b—1+log(4)) - 24) 
72422 
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and the indefinite integral 


a( 2D a + a'r 1+b+log(4)) 


da 
J 18/27 (183) 
?(b—4Y(7za(b-—1-log(4))—32 
= ( X iid + og( ) NET 
403242z 


The local minimum is 


( zn a + Lata reb tog(4) (20) 


iis (127)3 
u 32000002 
74118877 (3--log(4)) 
at 
(abe 20 23 2log(2) (184) 
7z(3+2log(2) 5' 5 


2) sphere volume 


For the sphere we have 


1 3 1 4 3 
7j" (b a (5x0 (b 1+1og(4))~0° (185) 


Which when we plot it, get the 3D plot that can be related to a D-brane/ 
Instanton, and we also plot its contour plot 

As in Figure 13, and Figure 14 in case of the octahedron, here, we also 
observe that the vacuum gravitational potential has grown exponetially and 
infinittely high as a results of the exponentially grown and infinitely high growth 
vacuum self-perturbations near a = 1, £e the energy density of the universe at 
the big bang. 

The alternate forms of Equation (185) are 

a^ (b — 4)(zzab — za + 2zalog(2) - 4) 
2x2x2x4x3x3 


1 1 
a (Eon 4 Js 
72 72 2 18 
+b| _na"b o? (zig rion) 22) 
288 288 288) 72 


6 zb 5m 1 m 1 b 1 
a’| a| b ——--——-4——zlog(4) | * —- —zlog(4) |-—+— 188 
| | (= 288 288 &( ) 72 72 ( ) 72 18 ee 
and assuming a, b, and Sare positive, then we have the alternative form 
afb a? 


1 1 
Jeg 70 b(b 1e 2108 (2)) - 777a (b-1+ 2log(2))- +75 (189) 


(186) 
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Figure 13. 3D plot. 


Figure 14. Contour plot. 


from which the expanded logarithmic form is 


" 7p? a’brlog(2 
Ty 1 (-1)a°b+ l az ag um SUE Led a^ nlog(2)« 71982) (159) 
18 72 72 72x4 72x4 36 72x2 
The alternative form of the expanded logarithmic form E. (193) 
sea (-4+b)(-4-az + abx + az log(4)) (191) 
with the root 
inj mc za —2zalog(2)-- 4 
za 
a=0, b=0, 


E: —malog(4)+4 


(192) 
ma 


The polynomial discriminant is A=0, and the derivative is 
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r ( asb) EET iones) Jas(2] ) 


da (127)x3 


(193) 


= m (-4+ b)(7xa(b =F log(4)) B 24) 


From the indefinite integral is 


( 4+b)[ e + Lan teen) Jf (2) 


(127)3 


min 


7 1600000 
7411887 7° (3-log(4)) 


at 


20 23 2log(2) 


Ca B^ B 


|e consen ; (194) 


By dividing the integral Equation (183) with the integral Equation (194), we 


obtain the result 


242 
242 (195) 
T 
With the decimal approximation 
2/2 
0.9003163161571060695551991910067405826645741499552206255714374712 = —— 
1 


(which is a DN Constant and also a transcendental number). It is also the re- 
duced logarithmic form. The alternative representations are 
a’ (-4+ b)(-32 + 7an(-1+b+ log(4))) 
(a (-4+b)(-32 + 7az (-1-- b log (4)))) (4032422) 
16128 
(4 +b)(-32 + 7az (1 b + log, (4)))a’ 
- (a (-4+b)(-32+ 7ax(-1+b + log(4))))(4032V27) 
16128 


(196) 


a’ (-4+b)(-32+ 7az (-1+b+log(4))) 
(a (-4+ b)(-32 + 7an(-1+b+ log(4)))}(4032V27) 
16128 
(-4+ b)(-32 + 7az (-1« b «log(a)log, 4))a’ 
: (a’ (-4+ b)(-32 + 7an(-1+b+ log(4)))}(4032V2z) 
16128 


(197) 
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a’ (-4+b)(-32+ 7az (-1+b + log(4))) 
(a (-4+b)(-32 + az (-1-- b +1og(4))))(4032V/2z) 
16128 
(-4+b)(-32 + az (-1- b - Li (-3)))a" 
(a (-4+b)(-32+ Tan (1 b Li, (-3)))) (4032422) 
16128 


(198) 


where log,x is the base blogarithm, Li,(x) is the polylogarithm function 


1) Series representations 
a’ (-4+ b)(-32 + 7az(-14 b log(4))) 
(a (-4+b)(-32+ 7az(-1+ b log(4))) (4022422) 
16128 


(199) 


for(not(z, eR and —o«z, x0)) 
a’ (-4+ b)(-32 + 7an(-1+b+ log(4))) 
(a (-4+b)(-32 + 7ax(-1+b + log(4))))(4032V27) 
16128 


4 (200) 


(-1)'[-5 ] Q-2) a 
MM | A 
for(not(z, €IR and —o«z, x 0)) 
a’ (-4* b)(-32 + 7an(-1+b+ log(4))) 
(a (-4+ b)(-32 + 7an(-1+ b+ log(4))))(4022422) 


16128 
, (201) 


reolia HC”) ss 


m 


for(xeR and x«0) 
a’ (-4+b)(-32+ 7az(-1« b +log(4))) 
(a (-4+b)(-32+ 7a (-1+b +log(4))))(4032V2z) 
16128 
{ Ra een re Paci) (202) 


Zo 


pe (iy eu -aYz 
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SECTION C: On the application of the formulas of the volumes of an oc- 
tahedron and a sphere to quantum gravity 

In this section we apply the number theoretic properties and the Ramanujan 
recurring number properties to the quantum geometry of the white hole. With 
regard to a sphere inscribed in an octahedron, we have the following formulas. 


V =v", V, -Ér where r, - (203) 


We take the ratio between the two above formulas for the octahedron and 


sphere in Equation (203) as shown in Figure 15 


, (for 120) (204) 


l pp 
zya ND 
4 ( ) m 
— A = 
3 42 
with the decimal approximation, 


2/2 


0.9003163161571060695551991910067405826645741499552206255714374712--- = —— (205) 
c 
(which is a DN Constant, and a transcendental number) 
The series representations Equation (204) 
k{ 1 AE 
" C3 (-5) e-a) a 
3 2 Zo x k 
val = = k! (206) 
1 
2 (1) 3 
3 2 
for(not(z;, eR and —o«z, x0)) 
1 
(De-a -F 
. | arg(2-x) - 2 
2exp| iz | ——— —- X 
Jar | | m ze I 
= (207) 


(467) 


for(xeR and x«0) 


Figure 15. Sphere inscribed in an octahedron. 
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k 1 k -k 
1/2| arg(2-z0)/(27) —1 EJ 2-Z,) Z 
2 ES l i telat ( ) 2 A o) j 
0 z 
42r Z; k=0 k! 
3 (208) 
mc 
1 ZB 3 
3 2 
from which we obtain 
2 
1 2 : 
; =Z, (209) 
3 ND 6 
3 
(i) 
= == 
3 42 


with the decimal approximation 


1.6449340668482264364724151666460251892189499012067984377355582293 ' 
210 


= (2) = 72/6 =1.644934 


(which is the trace of the instanton shape and Ramanujan Recurring Number, 


and it is also a transcendental number). 


The series representations of Equation (209) are 


2 


1 2 o 1 
3 J2? ia 3 (211) 
«(3 
3 2 
1 2 scel) 
3 J2P 2» di k? (212) 
(3 
3 2 
1 2 4s 1 
E > 213 
3 Jp 32 ay e 
TO | 
3 2 


with the integral representations 
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l = S (pizat) (214) 


2 
1 2 PEE. 
3 op H n +e ar a 


2 
1 2 2/5 1 
3 jor H eee ar) Ee 


We note that, from the sum of the first nine numbers excluding 0, ie., 
1+2+3+4+5+6+7+8+9=45 (these are the fundamental numbers, from 


which, through infinite combinations, all the other numbers are obtained), we 


obtain the following interesting formula: 


1+ : (217) 


E EEEEE IE 


where $ is the golden ratio, C,44 is the MRB constant. The exact result of 
Equation (217) is then given by 


372/82) X 5 YG) c —N (218) 
3 27 Cus , 42 
—— —MBB Y. ó 
3 
With the decimal approximation 


1.6452973785207760327718962297937282004549534211102915708253939286 
219 
~ £(2) = 22/6 21.644934 


(which is a trace of the instanton shape and Ramanujan Recurring Number) 


The alternate forms for Equation (218) is 


33-208") x ean) , —— Si; (220) 
272C mrg + 30 
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3/82) y sz) E +1; (221) 
312777, mg , 1 
as 5(3 +5 ) 
238 x 3327) x 567), : +1, (222) 
87C a 4184 65 


From which the expanded forms are 


(223) 
(224) 
and making input 
1 
6| 1+ » (225) 
je E EUIIRIIRID 7845) 

then we get exact results 

6 3 3/82) x 5 Y 32) (226) 
3 


with the decimal approximation 


3.141939571526843089243307321961626326775133868116590446825417393 ~ z (227) 


(which is a Ramanujan Recurring Number) 


The alternate form of Equation (226) is 


fer "nor EN NN ] : (228) 


27 Cus + 30^ 


AzCygg +9 +3V5 


gie) x 57/67) | { 1 id + 376") 39/5 , (229) 


from which the expanded forms are 


6| 3:369 y Gn) : +1], (230) 


3 as + Mev) 


e +6. 
è| 22Cues , 3, V5 
3 2 2 


2 x 3152/687) x ez) (231) 
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All2™ roots of. 6| 3 7/675 67) = +1] are 


eem] 


3 


e? [6 SPI E HP «3.1419 (232) 


(real, principal root) 


e |6| 3 7/60 x5 YG) e +1 | = -3.1419 (233) 
3| 22C ung " 
3 
(real root). 
Furthermore, form the input: 
1 pp 
2nV2x3—__=8, (234) 
4 


where value 8 is linked to the “Ramanujan function” (an elliptic modular 
function that satisfies the need for “conformal symmetry”) that has 8 “modes” 
corresponding to the physical vibrations of a superstring. 

The series representations Equation (234) are 


(2 2)(v2r) 


3 
«(3 } 
3 2 
for (not (z ER and —œ< z <0 )), 


(2242 )( v2) 


[09 
AMA LC | e 


k k 2 (236) 
= sexi] E ye Ta aa) 
for(xeR and x<0) 
2 
(2z42)(421°) (2 po lustre Y. »( Ju " i zh " 
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And by the input 


62/2 x —3— — = 24 (238) 
4 


The value 24 is linked to the “Ramanujan function" (an elliptic modular 
function that satisfies the need for “conformal symmetry”) that has 24 “modes” 
corresponding to the physical vibrations of a bosonic string representing a 
bosons. From the analysis, we observe that there is no number theoretic 
connection with physical vibrations of fermionic strings at extremely low 
entropy. This fact is confirmed by the fact that the Higgs bosons at the moment 
of the big bang and infinitesimally shortly thereafter, facilitated the creation of 
fermions (matter and antimatter particles) [8]. Thus we note that the ingredients 
for the formation of electromagnetic radiation from photons (a Boson), and the 
formation of matter from the Higgs boson after the big bang, are intrinsic 
properties of the vacuum energy in pre big bang. 


The series representations are 


(ez 2)(V2r) 


3 
Us i 
3 2 
for(not(z, € R and —œ< z7 x0)), 


(57.3) (s2") 


bs) p 


k 1 k _k 
IMMCIEJCE 
Mu LOT (239) 


» (240) 
"m e-l- 
_ 2|. = 2 E k 
=12exp Cm j^ 2528 m 
for(xeR and x«0), 
(6242 )( v21) 
3 
fae(3) p 
3 2 
, (241) 
k( 1 k -k 
q eaen] yen -1) (-3) (2-2) z 
+| arg —Zp ps oo k 
ZI Zo pun A 
By the input 
4 
! jp 
2nJ2 x3 | = 4096. (242) 
5) 
=J = 
3 «2 
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The number 4096 = 64’, is the Ramanujan Recurring Number, that when 
multiplied by 2 give 8192. The total amplitude vanishes for gauge group SO 
(8192) for bosonic string SO (8192), while the vacuum energy is negative and 
independent of the gauge group. The vacuum energy and dilaton tadpole to 
lowest non-trivial order for the open bosonic string. While the vacuum energy is 
non-zero and independent of the gauge group, the dilaton tadpole is zero for a 
unique choice of gauge group, SO (2?) ze SO (8192), [9]. This could be the 
implications for a pre-big bang scenario where only self-perturbative bosonic 
strings lived when the enthalpy was extremely low as discussed above. This regime 
contains all the intrinsic properties of superstrings inherent in the bosonic 
strings that as observed by [10], (2006), would at the big bang give effect to the 
properties of matter (fermions) as Higgs Boson. This number theoretic connection 
to the gauge group SO (8192), gives a much more compelling relevance of the 
bosonic string theory SO (8192), to quantum gravity and places this string 
theory where it should appropriately be in the evolution of the universe from a 
quantum gravity perspective rather than it be neglected because it doesn't include 
fermionic strings to confirm to post big-bang reality. The vanishing of the bosonic 
string's amplitude could be explained by the effect of extreme low entropy on the 
quantum vacuum geometry as discussed in [4]. Thus, as the entropy increases 
infinitesimally as a result of the vacuum self-perturbation then also is the 
amplitude of the vibrating bosonic strings from zero. [9] was right to indicate 
that the "vanishing of the amplitude of the bosonic string could be the results of 
string theory itself", but here, we give a much more elaborate explanation of 
what could be happening. 

We further proceed and make the input 


1 fj? 
27 || 2z42x 3— —. | 4121729 (243) 
4 (1 


3 
—ac|— 


This result is very near to the mass of candidate glueball f,(1710) scalar 
meson. Furthermore, 1728 occurs in the algebraic formula for the j-invariant of 
an elliptic curve 1728-8? x 3. The number 1728 is one less than the Hardy- 
Ramanujan number 1729 (taxicab number, as it can be expressed as the sum of 
two cubes in two different ways 10?--9* 212? «1? 21729 and Ramanujan's 
recurring number). Since bosons are made of gauge bosons and scalar bosons 
(meson), then this number theoretic analysis perhaps confirm that the number 
1729, confirm the fact that both the gauge and scalar bosons are actually 
different states of a single bosonic string, and that these states are isomorphic or 
that the states vibrations are synchronised with the state of the bosonic string. 
This also implies that each state lives inside a cubic or octahedron as a spherical 
cloud, and that the total sum of these two states is the state of the bosonic string. 
Taking the cross section of the bosonic string, we realise that it must be a 


rectangular, or a two shaped octahedron. As the string vibrates in difference 
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frequencies, so is the two spherical cloud states inside the string. That is, the 
string vibrations simply excites the gauge bosons ie. Photon, gluon, W and Z 
inside one cube/octahedron, and the scalar boson ie. Higgs inside the other 
cube/octahedron. 

Furthermore, if we bring the picture of loop quantum gravity (LQG) with the 
property of a discontinuous quantum geometry, we can therefore, think of the 
graviton living on the vertices of the rectangles or the octahedrons. This graviton 
then acts a glue binding the bosonic strings lattice together forming a complete 
cross section of alternating states of between the gauge bosons and scalar bosons. 
This arrangement of states then gives a precise supersymmetric quantum picture 
of the vacuum geometry at low entropy. 

But the geometry further reveal very important fact, that since the vacuum 
geometry is discontinues, then we observe that there is no relation whatsoever 
between the quantum vibrational frequencies of the strings, and that of the 
vertices of the vacuum geometry where the graviton lives. Ashtekar et al, (2021) 
asserted that gravity is simply a manifestation of spacetime geometry. Thus, the 
graviton cannot be a string boson, however, there is a duality between gravity 
and strings [11]. Also, gauge bosons have spin-1, while the graviton has spin-2. 
Then lastly, because of the thermodynamic constraints we were able to arrive at 
the results we have, now this bring us to this fundamental question; that string 
theory and LQG theory are two intrinsic aspects of a complete quantum gravity 
theory we are after? That is, without the other no complete and compelling 
quantum geometry can be attained, as it is done here? This needs to be 
investigated further. 

The series representations of Equation (243) are 


4 


1 k 
+1=1+27y-1+ 256/2 >” 12 (1+ 25642") , (244) 
k 


E , 
1 


k 1 3\-k 
=1+ M cas 2562 


4 


epar) 
GO I 


DOI: 10.4236/jmp.2024.151001 45 Journal of Modern Physics 


27 +1=1+27,/z, Y, = " . (246) 


M. Nardelli et al. 


We input 
4 4 
1 d E E 233 
—x—.||2z42x-3— | «[27 | 2242x—3— — | 41] |=—=, (247) 
25 144 4 (1 4 (l 144 
me xe 
3 (2 3 (2 


With a decimal approximation 
1.61805555555555555555555555555555555555555555555555555555555555, (248) 


Which is the result that is a very good approximation to the value of the gol- 
den ratio 1.618033988749... (which is a Ramanujan Recurring Number). The 
1.61805 is the repeating decimal. 


The series representations 


2( Va )æv2 2(V2I*) 2/2 
ge ae | a l| ed 
eG} | EGO 
3 2 3 2 
144x 25 
i -1 ‘(-3) (2-z,) z“ 
ac d k 
5 1425642, | 9. 4 z (249) 
(-1)' (-5] (256/2' = 2] z“ 
anau e a 
for (not(z,¢R and —œ< z7 <0)), 
2(V21°)z42 2(V/2I°) 22 
——SÀÁÓ JE ee gy | 
SQUE) 
3 2 3 2 
144x25 
k k 1 à 
De- f- 
ael of i, 88273) || et ve 2h, 
CUT 1+ 256exp al = j^ 255 7 (250) 


(21 x^ 2 (^ 25642" J 


k! 


arg [7 + 25642") 


+ 27exp| iz 
27 


SaDa 


for(xeR and x<0) 
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4 4 
2( var x42 2( var zd2 
s *|27 +1 
(a1 («(1) 
3 2 3 2 
144x 25 
8 
x( 1 k 

1 1 sealer) — (71) (-5] (2-2) z" 

EN T 256 pue +4) arg( 2-29 m oo k 251 
3600 B a Lao k! i 
1a ne 2582-0, f 8 (1) E (25e42" -Z ) z“ 

4:27 1 ren nose aene- 2), 0 0 
Zo ° ae k! 
From inputting the transcendental number Equation (233), we obtain: 
(252) 


with the decimal approximation 


3.1415926535897932384626433832795028841971693993751058209749445923-..— z (253) 


(which is a transcendental number). 
All2™ roots of z^ are me’ ~3.1416 (real, principal root), ze" ~—3.1416 


(real root). Thus the series representations of Equation (252) are 


2 


ee 4" ell (254) 
3| 242 alee, al 
mc 
4(-1) 1195 ^* (5? — 4x 239% ) 
> (255) 
1+ 2k 
E + É + : . (256) 
1-2k 1+4k 3+4k 
af N1- (dt, (257) 
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2 MES -2[ l di (258) 
3| 242 V alle 
mp 
2 
6 2 "E 
322 | l, pe" a 
E 


It is plausible to hypothesize that n and g, in addition to being important ma- 
thematical constants, are constants that also have a fundamental relevance in the 


various sectors of Theoretical Physics and Cosmology 


2 
a , 
From e , we obtain: 


(260) 


With the decimal approximation 


2/2 


0.90031631615710606955519919100674058266457414995522062557714374713 = —— 


1 
(which is the DN Constant, and a transcendental number). 
0 
All 2™ roots of Ed are 220 &0.9003 (real, principal root), and 
m T 
22e" 
— ——-&0.003 (real root). The series representations of Equation (260) are 
m 
k 
TR e 
32° kn k! SM 
6 
k 
; a) Ges) 8 
oo Am 
EE = Szo Dio p (262) 
6 
for (not(z,¢R and —œ< z x0)), 
k 
8 z 1 
zoe] ede 
= z V/A œ T k 
an =exp| iz on S Sm "m (263) 
6 


for(xeR and x«0) 

Section B: Number connections to the Planck multipole spectrum fre- 
quency and to the hypothetical Gluino mass 

We note that, from the number 8, we obtain as follows: 
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1.6314839 


$ mean ¢(2) /116427 
16 1.618034 1.64493 1.65578 1.675 


Figure 16. “Golden” Range number scale. 


8° =64, 8°x2x8=1024, 8*-8? x2?, (True) 
8*=4096, 8? x2°=4096, 2? =2x8f, (True) 
25 28192, 2x8 =8192 


From Figure 16, we notice how from the numbers 8 and 2 we get 64, 1024, 
4096 and 8192, and that 8 is the fundamental number. In fact 8? = 64, 8? = 512, 8* 
— 4096. We define it "fundamental number", since 8 is a Fibonacci number, 
which by rule, divided by the previous one, which is 5, gives 1.6, a value that 
tends to the golden ratio, as for all numbers in the Fibonacci sequence 

Finally we note how 8? = 64, multiplied by 27, to which we add 1, is equal to 
1729, the so-called “Hardy-Ramanujan number". Then taking the 15th root of 
1729, we obtain a value close to ¢(2) that 1.6438..., which, in turn, is included in 
the range of what we call “golden numbers" 

Furthermore for all the results very near to 1728 or 1729, adding 64 = 8?, one 
obtains values about equal to 1792 or 1793. These are values almost equal to the 
Planck multiple spectrum frequency (Black Body Radiation) 1792.35 and to the 
hypothetical Gluino mass. 
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